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Chemical Mechanical Polishing (CMP) is the polishing process where the top surface of a
wafer is smoothed using a slurry containing abrasive grit as well as reactive chemical
agents. The polishing process is partly mechanical and partly chemical. The mechanical
element's main advantage is that it is achieved without great effort to manufacture and
supplies good-quality general mechanical and electrical properties. In the current study,
the invention reckons on the chemical and mechanical properties of the composition
particles (abrasive slurry) utilized to polish silicon surfaces traveling through chemical-
mechanical polishing (CMP). MINITAB 17 software was used to estimate the influence
of the (CMP) input variables on the surface roughness (Ra) of the silicon workpiece. Other
process input variables were disk speed (rpm), the dose of abrasive, the grain size of the
abrasive, and the type of slurry. In order to get the best response surface roughness, the
current findings show that the constant coefficient of determination (R2) is 95.80%.
Furthermore, the effects of disk speed (X1), abrasive dose (X2), abrasive grain size (X3),
and type of slurry (X4) on achieving a superior surface roughness finish were 21.05%,
4.34%, 50.00%, and 24.59%, respectively.

1. INTRODUCTION

Chemical Mechanical Polishing (CMP) was the first
beginner's course in 1965 [1, 2]. It is a very required, practical
step in semiconductor equipment factories, and it is classified
as the technology utilized in burnishing or polishing wafers,
glass homogenization, and mechanical applications of
microprocessors [3, 4].

It is one of the processes of the discovery of modern
nanotechnology that has made real progress for business
despite the enormous and early technical difficulties. The
process (CMP) is widely utilized in the manufacture of
merchandise semiconductors in factories [5]. To create mirror-
like surfaces without subsurface deterioration proportional to
surface deterioration. The implementation of technological
and scientific final results in the field of glazier polishing with
commentary of oxides, heterogeneous micro-commentary
with particle measurable dimensions from 0.1pm to 0.5um,
and new modern or pre-dispersed fine (UDP) powders has
been tested in electronics. The interpretation of the CMP
method can be improved by input variables like necessary
items, equipment, and commaodity consumables (slurry, film,
pad backing). Slurry, which generally contains abrasives and
chemicals cooperatively, is consumable in the CMP quickly.
The manufacturing method, which directly influences
capability and throughput, is indispensable for CMP [6, 7].

A slight modification of some slurry properties due to the
state of contamination, chemical putrefaction, abrasive
particle content, or shear utilized can change the polishing
accomplishment and success of the established procedure. The
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attachment of an abrasive slurry instrument measuring
properties with a small chip, distortion, and influence on
polishing rate rankings makes the root available, and that is the
cause of the polishing amount shrinkage obtained. Traditional
slurries consist of solid particles suspended in a liquid of
chemical purity [8], which includes more different chemicals
such as oxidants, PH-stable metal mixtures, corrosion
inhibitors, and ion compounds [9].

The abrasive in the slurry makes it available for use; it
supplies both chemical and mechanical actions with
nanometer-sized abrasive particles from solution additives
with a synergistic influence leading to material removal (MR)
[10, 11]. Through physical and chemical actions, abrasive
particle fluid reactions play a significant role in determining
the best or optimum abrasive kind, shape, size, and
concentration [12]. A slurry must be an optimum
accomplishment and should make reasonable material
removal rates suitable, polishing quality selectivity with an
estimate of the base coat, fewer surface defects after finishing
polishing, and very good slurry stability. Choose a slurry that
makes available better removal rates without causing great
defects in CMP. SiO; CeO», and Al,Os3 colloidal particles are
utilized in the manufacture of CMP slurry. They are applied in
various fields, but SiO; is promising. Alumina particles are
used to a limited extent in the manufacture of CMP tungsten
slurries; they have a slow speed and are out of fashion due to
their hardness [13], and now, silica particles are mostly
utilized in preparing slurry particles for electrical insulation
and also as CMP minerals. Figure 1 shows the utilization of
synthetic silicone acid gels in the CMP process.
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Figure 1. (CMP) process [4]

Doi [14] reported that the interpretation of the CMP method
can be improved by input variables like necessary items,
equipment, and commodity consumables (slurry, film, and pad
backing). The study confirmed that the CMP has been
advanced as a state-of-the-art technology to successfully bring
universal planarization to the surface of 4H-SiC wafers. Mixed
silica with varying particle sizes could also be used to improve
the polishing rate in the production of semiconductor devices
[15]. Besides, Zhao et al. [16] showed that (CMP) is the being
the only one of its kind and key technology possible to do
easily for surface flattening.

Based on the above survey, the topic of this study is
determined by the relationship between carrying out
experimental tests and numerical calculations. Therefore, the
current study will discuss the influence of variables such as
‘speed’, doze of abrasive, grain size of abrasive, and type of
slurry on the flat surfaces of semiconductor silicon. Besides, it
discusses why the amount of surface roughness increases. Also,
changes or modifications in the polishing device to be suitable
for a set of experiments in the CMP process, after preparing
the specimen workpiece, will be studied. The further
objectives will include creating a strong mathematical
regression model between the variables and the response (ARa)
for semiconductor silicon.

2. MATERIALS AND METHODS
2.1 Input variables

Table 1. Variables value

Variables Technological ~ ‘Symbols’ L/1 L/2 L/3

Disk Speed (rpm) X1 100 200 300

Doze of Abrasive (cc) X2 1 2 3
Grain size of Abrasive (um) X3 3 6 10
Type of Slurry X4 50 51 52

Table 2. Stationary parameters

Parameter Value
Time of experiment 8 (min)
Work piece  semiconductor silicon

Flow rate of slurry  (2.25) liter/min

In this research, several experiments were accomplished
before starting work and choosing the most appropriate area
on the plane surfaces of the semiconductor silicon using the
CMP process. Variables like disk speed, a doze of abrasive,
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the grain size of the abrasive, and the type of slurry. The
variables and their levels are shown in Table 1, while Table 2
shows the constant variables.

2.2 Orthogonal array (OA)

In this research, some prime experiments were
accomplished in order to choose the most suitable area on the
flat surfaces of semiconductor silicon using the CMP process.
Variable parameters like speed, a doze of abrasive, grain size
of the abrasive, and type of slurry are shown in Tables 3 and
4.

Table 3. ‘“Taguchi matrix” DOE L9 coded
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Table 4. Taguchi matrix DOE L9 uncoded
ARa
Ne X1 X2 X3 X4 Excrement
1 100 1 3 50 0.0020
2 100 2 6 51 0.0320
3 100 3 10 52 0.0100
4 200 1 6 52 0.0400
5 200 2 10 50 0.0003
6 200 3 3 51 0.0650
7 300 1 10 51 0.0330
8 300 2 3 52 0.0220
9 300 3 6 50 0.0010

2.3 Measuring the response parameter

Calibration will be done before any measurement by a
standard specimen in the device equipment, and then the
specimen will be measured before the MAF process to get the
mean value (0.33um). After that were measured (9) tests, also
before and after the CMP process, using the surface roughness
tester SRT-6210. (Ra) was calculated by measuring each
specimen workpiece many times before and many times after
the CMP process and getting the mean value.

ARa = Ra before CMP-Ra after CMP (D)

2.4 Regression prediction model

The statistical design of experiments (DOE) is the main
procedure; it is an overall statistical and mathematical use of
new modeling and detailed analysis to influence a large
number of variables representing the independent parameters
X1, X2, and Xp, but the output response Yi on each other
represents the dependent parameters. The proposed multiple
regression model is a quadratic model with interaction
variables. The strength of the relation between the response Y
and the variables parameters is represented by an equation
called the mathematical regression model of the CMP process.



3. EXPERIMENTAL - STEP UP AND PROCEDURE

In this search, the Lappatrice da Laboratorio Hergon mod.
MP 200 device is modified in the workshop and utilized to
carry out the experiment set-up (CMP) process. To run the
experiment set-up at a special speed, by manufacturing and
designing a simple mechanism and then mounting it on the
device, we can catch the specimen by the sample holder.
Figure 2 shows a picture of the CMP device.

Mechanism Sample holder

Flow rate Device

Rotary disk

Motor

Container for slurry

Figure 2. Device of (CMP) employed in the current study

This variable parameter contains the form of the specimens
that have been utilized in the CMP process, and the material,
like silicon, was chosen to be a workpiece. Some data on the
chemical composition and mechanical properties of the silicon
semiconductor are given in Tables 5 and 6.

Table 5. Chemical composition and mechanical properties of
silicon semiconductor

Chemical

b Si Fe Al Rest
Composition
W% 99.45 0.180 0.062 0.285
Youne’ Tensile
Mechanical ounsg Density Yield Poisson’s
. modules 3 ;
properties (Mpa) Kg/m strength ratio
(Mpa)
Value 207 7600 460 0.3

Properties of slurries, including density and hardness values,
are shown in Table 6.

Table 6. Specification of slurries

Property Silica 50 Alumina 51 Ceria 52
Density (gcm™®)  2.2-2.6 4.0 7.1
Hardness (Mohs) 6-7 9 6

4. RESULT AND DISCUSSION

The effect of four variables (disk speed, a doze of abrasive,
grain size of abrasive, and type of slurry) with three levels for
each variable is used in the current work to determine the
influence of the CMP process on ARa discussion in this work.
The regression models and final results of experiments are
acquired in silico, as listed in Table 7. By using the statistical
MINITAB 17 program, the mathematical regression model for
assessing the ARa is as follows:

Table 7. Results of experiments set-up for distribution
variables with response experimental and regression models
generated for silicon according to Taguchi array matrix

N X1 X2 X3 xa _ ARa ARa
Excrement Regression
1 100 1 3 50 00020 00165023
2 100 2 6 51 00320 00215419
3 100 3 10 52 00100  0.0243892
4200 1 6 52 00400  0.0348252
5 200 2 10 50 00003  0.0033225
6 200 3 3 51 00650 0.0302856
7 300 1 10 51 00330  0.0166059
8 300 2 3 52 00220 0.0435689
9 300 3 6 50 00010 0.0142586

ARa = —80.64 + 0.000757X1 — 0.02810X2
—0.000881X3 + 3.151X4
—0.000002X1 = X1 @)
+ 0.007067X2 * X2
— 0.000100X3 = X3
— 0.03078X4 = X4

There are some coefficients of regression model also
displayed:

R-Sq(adj)=96.5%, R-Sq=97.2%

Figure 3 shows a plot of the normal distribution probability
for ‘(ARa’) and displays that 96.5% of the perceived observed
response (ARa’)’ for silicon was an independent variable.

In Figure 4, the main effects of variables on the percentage
rate of amelioration ARa are presented. The major influences
were the grain size of the abrasive, the finishing type of slurry,
disk speed, grain size, and doze of abrasive. Table 8 shows the
results of the percentage improvement of ARa (a larger
difference rate means the better) at various CMP processes.

To discuss the effect of disk speed (X1), the study depends
on the results of Table 4. From Figure 4 (a), when all variables
are interacted, the relationship of the mean value of ARa at
x1=100rpm is 0.015um, at x1=200rpm is 0.035um, and at
x1=300 is 0.018um. Disk speed is effected by 21.05% on the
surface finish ARa; increased degree of x1 from 100-200rpm
causes Ra to rise, but an increasing degree of x1 from 200—
300rpm causes Ra to lessen. The more desirable range of disk
speed in this state is 200rpm, as shown in Figure 5.

Normal Probability Plot
(response s ARa.)

v

w0 o

®©

Percent

015 0.%0 008 000 005 0.10 018
Residual

Figure 3. Plot of normal distribution probability for (ARa)
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Figure 4. Influence of variables interaction on the ARa
values of silicon

Surface Plot of x1 vs x2, ARa

300

Figure 5. Relationship among ARa between disk speed (X1)
and doze of abrasive (X2)

Table 8. Percentage contribution of variable influencing

(ARa)
Variables % ‘(ARay’
Disk speed ‘(rpm) 21.05%
Doze of abrasive (cc) 4.34%
Grain size abrasive (um)  50.00%
Type of slurry 24.59%
100%

Regarding the effect of Doze of Se (X2) From Figure 4 (b),
when all variables are interacted, the relationship of the value
or mean of ARa at x2=1 (cc) is 0.25um, at x2=2 (cc) is
0.018um, and at x2=3 (cc) is 0.026um. A doze of abrasive is
affected by 4.34% on the surface finish ARa; increasing x2
from (1 to 2) (cc) causes a decreased degree of Ra, but
increasing x2 from (2 to 3) causes an increased degree of Ra.
The more desirable range of doze abrasive in this state is (3
cc), as shown in Figure 6.

Besides, the effect of grain size on the abrasive (X3) is also
discussed depending on the findings of Figure 4. From Figure
4 (c), when all variables are interrelated, the relationship of the
middle value or mean of ARa at x3=3um is 0.03um, at x3=6um
is 0.025um, and at x3=10um is 0,015um. Grain size powder is
affected by 50.00% on the surface finish ARa; increasing x3
from (3 to 10) um causes Ra to decrease. The more desirable
range of grain size in this state is 1um, as shown in Figure 7.
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Figure 6. Relationship among ARa between grain size
abrasive (X3) and type of slurry (X4)

Surface Plot of x3 vs x4, ARa

x3

Figure 7. Relationship among ARa between grain size
abrasive (X3) and type of slurry (X4)

Based on Figure 4, the effect of the type of slurry (X4) is
discussed. From Figure 4, when all variables are in interaction,
the relationship of the mean value of ARa at x4=50is 0.015um,
at x4=51 is 0.045um, and at x4=52 is 0.023um. The surface
finish Ra is affected by the type of slurry by 24.59%; an
increased degree of x4 from 50-51 causes Ra to rise, but an
increased degree of x4 from 51-52 causes Ra to fall. The more
desirable range of types of slurry in this state is 52, as shown
in Figure 7.

In addition, by making use of the statistical program
MINITAB 17 and the regression model, we are able to
determine the goals of the relationship between the variables
and the response of the CMP process for surface roughness
and obtain information on the preferred values of variables for
surface roughness that is superior to that of the best. This
information is presented in Table 9, which can be found below.

Table 9. The better surface roughness finish values

The Better Surface Roughness

Operating Variables Finish
Effect Better VValues
Disk speed (X1) 21.05% 200rpm
Doze of abrasive (X2) 4.34% 3cc
Grain size of abrasive 50.00% 3um
(X3)
Type of slurry (Xa) 24.59% 51




5. CONCLUSIONS

In the current study, modification of the polishing device to
be suitable for a set of experiments of the CMP process,
preparation of the specimen workpiece in the laboratory, and
giving the desired results for the surface finish have been
investigated. Some points can be drawn, as shown below:

i. It can be concluded that the removal rate mechanism
is not a scratching-type process but that the removal
rate is related to the contact surface area between
particles and the polished surface, which controls the
reaction rate.

ii. All variables and parameters of the CMP process are
significant because the constant coefficient of
determination (R2) is 95.80%, which means the
regression model and the system processes are strong.
Based on the current findings, the effects of Disk
speed (X1), Doze of abrasive (X2), Grain size of
abrasive (X3), and Type of slurry (X4) were 21.05%,
4.34%, 50.00%, and 24.59%, respectively, to get a
better surface roughness finish.

Regarding further work in the future, the study

recommended the application of new-fangled mathematical

software to calculate the temperature and residual stress
effects on the surface for all properties and the development of

a magnetic machine for polishing holes.
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